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(57) Abrege(suite)/Abstract(continued):

resin layer against the surface of the tubular member to be coated by applying suction between the resin layer and the surface of
the tubular member so that the resin adheres to the surface of the tubular member. The elastomeric resin may then be cured to
produce the final product. Apparatus for carrying out the process Is disclosed and includes, In sequence, a coating zone including
a sub-atmospheric chamber, a heating zone and a feed mechanism for advancing the tubular member relative to the coating and
heating zones. A method Is also disclosed for molding a distal end cap on an open end of a length of a preformed tubular sleeve
member that may be used for prosthetic applications. A process Is also disclosed for molding a sleeve member having prosthetic

applications using male and female die elements used to distribute uncured elastomer resin as a layer on a tubular elasticized fabric
sleeve element.
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ABSTRACT OF THE DISCLOSURE

~ The method of making a tubular member having a continuous and uninterrupted

~cured elastomeric resin coating on an outer surface of the member includes formlng a

- continuous uninterrupted tubular layer of uncured elastomeric resin and drawing the

resin layer agarnst the surface of the tubular member to be coated by applying suction
between the resin layer and the surface of the tubular member 's'o that the resin adheres
to the surface of the tubular member. The elastomeric resin rnay then be cured to
produce the final product Apparatus for carrying out the process is disclosed and
- xncludes in sequence, a coating zone including a sub- atmosphenc chamber a heating
Zone and a feed mechanism for advancmg the tubular member relative to the coating
and heating zones. A method is also dlsclosed for mo.!dmg a distal end cap on an open
end of a length of a preformed tubular sleeve member that may be used for prosthetic
' applications. A process is also disclosed for molding a sleeve member having
prosthet;c apphcat:ons using male and female dre elements used to dlstnbute uncured

elastomer resin as a layer on a tubular elastICIzed fabric sleeve element
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* APPARATUS AND PROCESS FOR MAKING
~ PROSTHETIC SUCTION SLEEVE

1. Field of the Invention

Thisinvention relates tothe process and apparatus for makrng prosthetlc suctlon

' Irners and coating tubular substrates
2. Background of the Invention

Prosthetic suction liners have been described in U.S. Patent No. 4,923,474
. granted to Klasson and Kristinsson on May 8,1990; U.S. Patent No. 5,728,168 grantéd |
March 17, 1998 to Laghi et al.; and U.S. Patent No. 5,830,237 granted to;Kania ”
November 3, 1998, ' | |
"~ Theoriginal suction liner as described in U.S. Patent No. 4,923,474 \rvas formed

of a silicone elastomer and was adapted to the'rolled over residual limb of a prosthetic '
‘user in a manner fully described in the patent. ' '

' The manutacturing process for makmg suction liners with a fabrlc exterior

covering adhered to one or more cured elastomer inner layers typlcally involves multlple .

' injection molding procedures and possibly Iamihating.bro'cedUresthat are'design-ed to

~ build-up the various layers constituting the suction liner. Obtaining an intimate bond

- between the silicone and fabric layers is particularly important, particularly when it is
necessary to maintain full elasticity of the suction liner to enable it to closely fit-over and
- conform to a residual limb of a prosthetic user. ' ‘

The process is more complicated when a distal prosthe'tic connector fitting must
be mcorporated in the distal end of the suction liner, partlcularly when an injection

molding procedure (s utilized.
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Injection molding procedures are time consuming -and require- complex
‘equipment to ensure accurate shapes and thicknesses of various size suction liners.
Injection molding thick, soft elastomeric Iayers on the inner surfaces of suction liners
also present a challenge using injection molding technigues. -

Prior art procedures for continuously coating tubular substrates with a cured
elastomer coating or film involve many different procedures that tend to be expensive
and time consuming. It is highly desirable to continuously coat tubular substrates‘ with
an elastomer layer intimately bonded or adhered to the substrate in a convenient, low
cost procedure, particularly' where the substrate Is ah elasticized, porous fabric.

BRIEF SUMMARY OF THE INVENTION

The invention relates to a process for forming a generally concial, close ended
suction liner having a fabric outer covering, a thin cured silicone elastomer coating
preferably provided on the interior surface of the fabric and a cured silicone elastomer
lining adjacent the i'ntermediate silicone coating. 'The prosthétic suction liner is formed
with a distal end cap in'which a prosthetic “umbrella" _connectOrvis embedded at the ‘
distal end of the suction liner using a process according to the invention described
herein. The prosthetic connector is exposed in a central portion to prOvide access to
- a prosthetic pin connector in a conventional manner. An optional reinforcement layer
may be embedded in the innermost silicone elastomer layer using the inventive process
to restrict axial elongation of the distal end portion of the suction liner while permitting
lateral distension of the liner material in that portion of the liner in which the
reinforcement material is embedded in the silicone elastomer layer. '

One aspectofthe inventi\)e process involves providing a cylindrical tubular length
of elasticized fabric that is stretchable both longitudinally and laterally relative to the axis
of the tube; coatihg the inner surface of the fabric tube with a continuous, thin cured
silicone elastomer that partially penetrates and adheres strongly to the fabric but does
not extend through the full fabric thickness; optionally attaching a tubular length of
reinforcement matrix material to one end of the coated tubular fabric; placing the tubular
length of fabric and the optional reinforcement in a molding device; placing the umbrella
“prosthetic connector element in the molding device; molding and curing a silicone
elastomer distal end cap over one end of the tubular length of coated fabric and the

- optional reinforcement matrix so as to embed the umbrella prosthetic connector in the
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distal end cap silicone material while bonding the distal end Cap to the end of the
tubular length of fébric and the optional reinforcement matrix; removing the tubular
length of fabric with the molded distal end cap from the molding device and inserting, '
a premeasured quantity of uncured silicone resin that will form an inner layer of the liner
into the closed end of the fabric tube and end cap; inserting the fabric tube with the
premeasured quantity of uncured resin and the distalend cap into a female mold cavity -
having a defined peripheral contour corresponding to adesired outer peripheralbontour
of the proéthetic suction liner; advancing a male mold member having an external
contour corresponding to the desired inner contour of the suction liner into the interior
“of the tubular fabric and distal end cap assembly from its open end to cold forge the
uncured silicone elastomer over the full length of a cavity defined between the male and
female molds to fully f'o.rm the innermost silicone elastomer layer to a desired contour '
and thickness and carrying out a preliminary cure of the inner most silicone_ elastomer
‘inthe forging device; removing the' formed.assembly of tubular fabric and'partially cured .
silicone elastomer layer from the forming device and fully curing the innermost'silicone
é‘lastomer layer. " '

Apparatus for carrying out the process includes a continuous film casting device
configured to continuously cast an uncured elastomer film coating' on a tubu.lar'
substrate using sub-atmospheric suction t'odraw the film to the surface of-the fabric
substrate; and a heater in series with the' continuous film .casting apparatus arranged
to cure the cast elastomer film cohtinuously during the coafing process to ther‘eby'
produce a. continuous tubular length of subs‘tréte coated on one surface thereof with a '
cured elastomer film. ‘ | ' - .
- Whén the apparatus is used to apply an elastomer coating to a porous material
such as an elasticized fabric, the suction applied during casting of the uncured
elastomer film is adjusted so that the film partially erﬁbeds itself in the intersices or
pores of the fabric while avoiding complete penetration of the elastomer throughout the
fabric thickness. This leaves the opposed surface of the fabric free of elastomer while
producing a continuous seéling film of elastomer on the first surface of the tubular
length of fabric. ' '

During curing, the tension applied to the coated substrate is adjusted toproduce

optimum qualities for the coated length of substrate that are appropriate for the thus
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produced product or any subsequent use of the coated substrate in a manufacturin'g
procedure in which the coated substrate is formed into an end pr'oduct.'

The thus coated tubular length of substrate may be reversed with the cured
elastomer coating on the inside of the substrate. The tubular coated substrate may
then be cut to lengths corresponding approximately to individual lengths of products to
be made with the coated lengths of substrate and a tubular matrix of reinforcement
‘material may be attached to one end of the end of the tubular length of substrate for -
use, for example. in a prosthetic suction liner. '

- As descnbed previously, a d|stal end cap may be molded to the one end of a
| tubular Iength of coated elasticized fabric substrate with a prosthetic connector fitting
or umbrella embedded in the distal end cap. .

In a specific example wherein it Is desired to use such a continuous co_ated
tubular substrate in a process for making a prosthetic suction liner, tne substrate
comprises a tubular elasticized fabric such as circular Knit fabric that is distensible both
lengthwise and widthwise and the elastorner S constituted of a silicone elastomer
formulated so that it may be cast as a conttnuous f Im In its uncured condltlon In a
temperature range that is practical. The coated fabric maintains its elastlcny due to the
elasticity of the silicone elastomer in its cured condition. The surface of the cured
silicone film may be left in a somewhat tacky condition so as to be readily bondable to ‘

- a subsequent silicone elastomer layer.
' The cold forging apparatus includes a female die that preferably includes suction
. devuces to draw the fabric tube into intimate contact with the interior walls of the female
die prior to the advancement of the male member into the female die. The male die
member formed In accordance with a desired inner profile of the mnermost silicone
elastomer Iayer of the suction Ilner 1S advanced into the uncured sullcone elastomer
prevuously deposited into the closed end of the fabric and distal end cap assembly SO
the elastomeris forced to flow Iongitudinally through a cavity that is formed between the
female die and the male die member from the closed end of the suction liner to the
proximal open end thereof. The procedure may be referred to as a cold forging process
for convenience. _ '

The rate of advancement of the male die member is controlled to permit

complete flow of the uncured silicone elastomer throughout the cavity provided between
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the male and female die members, particularly when the gap between the male and
female die membérs varies along the length of the molding device. .

- Aguide pin may be Inserted into the prosthetic connector element embedded in
the distél end cap of the pre-formed tubular length of coated fabric, distal end cap and
prosthetic connector. The temale die includes an ap'ert,ureat its distal end arranged to
receive the guide pin to thereby center and locate the length of coated fabric and distal
end cap in the female die before the male die member is advanced into the female die
to cold forge the uncu'red silicone elastomer resin into the die cavity_betw'een the male
and female die members. - ' |

- The male and female dies may be heated to perform a preliminary curing of the
silicone elastomer of the silicone elastomer in the mold cavity before the laminated
asSemny of elasticized fabric, thin coating Of silicone elastomer and final inner layer of
silicone elastomer are removed from -the die. . '

The process and apparatus constimting the invent'ive subject matter will be
described in more detail in the drawings and description that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a longitudinal section view of a suction liner formed in accordance
with the process according to the present invention; |

Figure 2 is a distal end view of the suction liner shown in Figure 1;

Figure 3 is a section view taken along line 11-111 of Figure 1;

Figuré 4 is an enlargéd view of Figure 3 to show the details of the suction liner
side wall; ' ' ‘

-Figure 5 shows a tubular sealing sleeve formed by using a coating process
according to the present invention;

' Figures 6 - 10 show the geometry of the cured silicone elastorher inner'layer of

a suction sleeve shown in Figure 1; .

Figure 11 is a schematic view of a flat section of elasticized fabric in process of
being folded and stitched to form a length of tubular elasticized fabric;

Figure 12 schemlatically shows a continuous coating system for applying a cast
elastomer film onto one surface of the tubular substrate in a continuous process;

Figures 13 and 14 show details of the apparatus illustrated in Figure 12;

Figure 15 shows a reinforcement matrix stitched to one end of a length of




CA 02683085 2009-10-28

elasticized fabric that has been coated with a continuous cured silicone elastomer film:;
Figure 16 shows a molding device for molding a distal end cap onto the length
of tubular elasticized fabric_: that has been previously coated and provided with a tu’bular
- length of reinforcement matrix at one end thereof; o
Figures 17 - 21 schematically illustrate a procedure for molding a distal end c'ap
“onto the tubular fabric using the apparatus shown in Figure 17;
~ Figure 22 is a detailed view showing the distal end of en assembly of elasticized
tubular fabric coated with a continuous silicone elastomer film on the ihner surface
thereof, areinforcement matrix, a distal end cap and an embedded prosthetic connector
in the distal' end cap; .
Figure 23 schematically illustrates a proCedure to dispense a predeter'mined
- quantity of uncured silicone elastomer into the closed end of the preformed assembly .
llustrated in Figure 23; ' '
Figure 24 shows a cold forging system utilizing a female mold cavity and a male
‘mold element that are brought together to form a rrtold cavity into WhiCh- previously
inserted uncured silicone elastomer is cold forged to completely fill the rnold cavity;
Figure 25 shows the die system llustrated in Figure 24 in a closed condition; and

Figure 26 shows the detail XXVI in Figure 25.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Figure 1 schematically illustrates in a cross-section view a prosthetic suction liner

10 that may be formed using the process and apparatus described herein. The liner

is formed in part of a composite elastic material 12 on its interior surface and an
elasticized fabric layer 14 on its exterior surface at least up to its distal end area 186,
where a distal end cap 18 having embedded therein a rigid prosthetic connector 20
formed, for example, of aluminum or other metal, or rigid plastic such as Nylon, is
‘provided. '

The liner 10 is formed as a close ended tapered tubular element, as Is
conventional for such suction liners. The distal end cap 18 firmly joins the prosthetic
connector 20 to the suction liner 10 while providing a cushioning and stabilizing surface
at the distal end of the liner. The prosthetic connector 20 includes preferably a

threaded aperture 22 for providing access to a threaded prosthetic pin connector In a

0
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manner well known in the art.

Figure 2 shows the suction .liner In an end view as seen from the distal end of the
liner. '

' Figure 3 is a cross-section view taken along line Ill-11l of Figure 1 and shows the
composite elastic material 12, the elasticized fabric layer 14, and a second thin
continuous coating of silicone elastomer material 24 partially embedded in the
~elasticized fabric layer 14 while not completely penetrating the fabric layer. The
intermediate coating 24 is bonded on its opposite side to the composite elastic material
12, Whereby‘the entire assembly of composite elastic material 12, elastomer coating 24
and elasticized fabric 14 is at least freely redially elastically distend‘able. '

The composite elastic material layer 12 may have embedded therein a matrix of
reinforcement fibers 26 or other suitable reinfo.rcement‘ having properties such that the
Composite elastic layer 12 strongly resists longitudinal elongation while it is freely
distendable radially of the suction liner for use in liner \'.applications when axial
elongation of the liner must be limited. A circular knit glass fiber or Nylon material is

preferred.

Figure 4 is an enlarged view of FigUré 3 and shows the composite elastic
material made in accordance with the present invention in mere detail as well as a wall
section of suction liner 40 made with euch material. Layer 12 may be a novel
- composite elastic material comprising a cured silicone elastomer containing silicone oil
and hollow microspheres 28 dispersed throughout the silicone elastdmer layer.

The illustrations in Figures 3 and 4 also show the reinforcement matrix fibers 26
embedded in the silicone elastomer layer, but it should be understood that such
reinforcement fibers are optional and extend over a distal portion of the liner to limit
~ axial distension of the liner in such distal pertion'.' T‘he'reinfOrCe'rnent”fibers'26', of
course, do not constitute a portion of the basic composite elastic material described
above. . .

More specifically, the composite elastic material layer 12 itself is regarded as a
new and useful proprietary composite elastic material independently of the fibers 28,
the outer fabric 14 and the intermediate coating.

In a preferred example, the composite elastic material 12 is formed principally

of a silicone elastomer obtainable from NuSil Technology of Carpinteria, California
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under Product Designation CF13-2188. For a fuller description of the silicone material,
reference may be made to pending U.S. Patent No. 6,136,039 granted October 24
2000 owned by the assignée of the invention described herein. f o

Embedded within the silicone elastomer material of layer 12 are hollow
- thermoplastic microspheres consisting of a polymeric shell with an enclosed blowing
agent. The specific thermoplastic microspheres utilized in this exam‘ple ofthe invention |
- are expanded microspheres obtained from AKZO NOBEL of Swedenunder the trade -
name EXPANCEL®, Product No. 551DE. ' -

The microspheres 28 preferably have a density of .005 g/cm® to 1.25 g/cm’,
- preferably .05 g/cm”. | o

‘ For a fuller understanding of the formulation of EXPANCEL® microspheres,
reference may be made to EXPANCEL® Technical Bulletin 29 and the EXPANCEL®
product specification and'material safety data sheets, all of which are available from
AKZO NOBEL, S-850, 13 Sundsvall, Sweden. ‘

The silicone oil included in the composite elastic material may be Obtaihed from
GEBayer Silicones GmbH of D 51 368 Leverkusen, Germany under Product Name '
Baysilone Fluid M350. ‘ '

In a preferred form, the composite elastic layer 12 comprises 50 - 99.4% by
weight of silicone elastomer, preferably 77.25%:; .5 - 45% by weight of silicone oill,
pfeferably 10%; and .1 - 5% by weight of micrbspheres,_ preferably .75%.

The composite elastic layer 12 also may include one or more skin treatment
agents blended into the silicone elastomer, for example Vaseline and aloe vera. In a
preferred example, up to 20% by weight of the composite elastic layer, preferably
11.9%. may bé Vaseline and up to 3%, preferably .1%, may be a secondary skin
treatment agent such as aloe vera. | ’ .

While EXPANCEL® hollow microspheres as described above are preferred, it
shou.ld’be understood that other hollow microspheres having a density range-of 005

g/cr.n3 to 1.24 g/cm’®, preferably .05 g/cm?, could be used.
. When prepared as described above, a pfeferred embodiment of the composite
‘elastic layer will have a densify of .5 g/cm’to 1.3 g/cm”®, préferably .94 g/cm?; a tensile
strength greater than .1 Pa, preferably greater than .5 Pa; a durometer (00) of 13 to 62,
preferably 22; a 100% modulus of 5 kPa to 250, preferably 20 kPa; and a compression
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set of O to 30, preferably 8. _
' It should be understood that different or additional skin treating agents may be
utilized, depending upon the skin condition to be treated by the skin treating agent. For
use as a.typical suction sleeve, Vaseline and aloe vera are believed to provide good
properties for the composite elastic layer that typically d'ireotl-ycontaots oris in close
proximity with the skin of 3 prosthetic user. ' ' '
_ ‘When the composite elastic material 12 is laminated or bonded with an
elasticized textile layer 14, such layer 14, in a preferred embodiment may be described
as a Supplex Nylon circular knit of 87% Nylon 13% Spandex fibers using 28 needles
per 2 5cm havmg a weight per square yard of 6.9 ozs. and a weight per linear yard of
12 0zS. Such a Supplex Nylon is obtainable from Agmont Inc. of Montreal Quebec
Canada under Style Name 5095. This material has a fmlshed width of 60" (1 52.4 cm) '
a'nd is substantially elastically distendable alohg its length and width In 3 manner'
appropriate for a prosthetic suction liner. '

The reinforcing fibers 26 may be a circular knlt textile formed of relatively non- |
distendable interlocked fibers (at least within the load ranges oontemplated for use In
a prosthetic suction liner) wherein the knit construction is such that the layer 26 strongly
resists elongation in a longitudinal direction while being freely d_istendable laterally in .
a radial difeotion ‘when it is embedded in the composite elastic layer 12. Any "
. appropriate reinforcement matrix that would provide such properties could be used for
layer 26, but as a praotical matter a circular knit glass fiber or Nylon material s
appropriate, prowded it has the anisotropic properties desorlbed above.

- The textile layer 14 is normally air permeable and is usually formed from a flat
' 'knit elasticized fabric that has been roiled into a tube and stitched along abutting side
edges along the length of the tube. The inside surface of the fabric layer 14 facing the

composite elastuc layer 12 is coated with a thin layer of cured silicone elastomer 24 that

' is partially embedded in the fibers of the textile 14 without completely penetratmg the
textile 14. The silicone elastomer layer 24 is cured while embedded inthe textile so that
it is firmly adhered to the textile and preferably renders the textile and silicone layer 24
impermeable to air. The thin coating of silicone elastomer 24 provides a good bonding
surface for the composite elastic layer 12 described above. .

Preferably, the silicone layer 24 is obtainable under Product No. CF15-2188 from
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NuSI| 'Teohnology of Carpinteria, California. Physical properties of the combined
composite elastic layer 12, coating 24 and elasticized fabric 14 include a tensile
strength greater than 1 Pa, preferably greater than 2 Pa; and a 100% modulus of 5 to
300 kPa, preferably 55 kPa. '

The distal end cap 18 may be formed of .a silicone elastomer including 98% by
weight silicone rubber, type MED-4950 or type MED-4050 or type CF15-2188, all
~ available from NuSil Technology, with the balance (2%) constituted of a color mixture,

for example a color powder blended from 12.5 parts Lucas color No. 2408, 12.5 parts
Lucas color No. 2439 and 75 parts Lucas color No. 2510 all obtainable from Fr.
Schoenfeld GmbH and Co. include: the material uses a platinum cure system; a press
cure time of 50 minutes at 150° C; durometer 45 - 55; tensile strength 1000 psi ‘(6.9
Mpa); elongation 400%; and a tear strength 230 ppi (40.3 KN/M). .

AS illustrsted in Figure 5, a sealing sleeve 30, for example a sleeve capable of
sealing the gap between the upper end of a prosthetio socket and a residual limb as
illustrated in Patent No. 5,571,208 inoludes‘an outer textile layer 32 that s an
- elasticized, porous or air permeable fabric on which a continuous oured silicone COating
34 has been applied and bonded thereto in the same manner as the ooating 24
~ attached to the layer 14 of the suction sleeve material as iilustrated in F igures 1-4 and
described above.

The interior surface of the sleeve 30 includes a composite elastic material 36
formed in the same manner as the composite elastic layer 12 illustreted in Figures 1 -
4 and described above. The thickness of the composite elastic material 36 may be

 adjusted to fit the requirements of a sealing sleeve. 'The oompositeelastic layer 36 is
intimately bonded and adhered to the coating 34. The com-bined a_ssembly of the textile
32, coating 34 and composite elastic layer 36 is fully distendable both radially and -
longitudinally in accordance with the requirements of a sealing sleeve for prosthetic
applications.

The outer fabric layer 32, in a preferred embodiment, may be a circular rib knit
fabric made of 95% Nylon and 5% Lycra, knit as a 1X1 rib using 220 needles per2.5
cm for a 12 cm width tube and 264 needles per 2.5 cm for a 14 cm tube. This fabric
may be obtained from RX-Textile of Monroe, North Carolina.

A preferred form of the suction liner made with the composite elastic material

10
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layer 12 is illustrated in Figures 6 - 10 (the fabric is omitted in the views as being
nonessential). The composite elastic material including the cured silicone elastomer
layer with silicone oll and hollow microspheres and outer fabric i1s molded or formed as
a tapered suction liner 40 having a closed distal end 42 of uniform thickness, an
external profile 44 (see Figure 10) that is circular with the radii of -curvature of the
external 3urface 44 centered on a first central longitudinal axis 46 extending through the
suction liner 40. The geometry of such suction liner is illustrated in Figures 6 - 10.
Moreover, the following table 1 describes the variables shown in Figures 6 - 10 and also
descrlbes typical values of some of the variables for dtfferent size suction liners listed

in the left column of the table entttled “Typical Values of Variables”.

11
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TABLE 1
VARIABLE DESCRIPTION

] prox ‘Height of flange in proximal area
HH1 | Height to flange in distal area '

.

Thtop Thickness of socket in top

TYPICAL VALUES OF VARIABLES

Size Rrad1 HH1 HH2 HH3 Hhtot RRad2 Tha Angle Hfh prox Offset Thp Hst Thtop
12 19 rrad1+Hst 80 Hhtot-HH1-Tha 450 441 6 3 40 3 3 20 1
14 225 rradi+Hst 80 HntotHH1-Tha 450 481 6 3 40 3 3 20 1
16 25.5 rradi+Hst 80 Hhtot-HH1-Tha 450 51 6 3 40 3 3 20 1
18 28.5 rrad1+Hst 80 Hhtot-HH1-Tha 450 538 6 - 3 40 3 ' 3. 20 1
20 31.5 rradi+Hst 80 Hhtot-HH1-Tha 450 567 6 3 40 3 3 20 1
21  33.5 rrad1+Hst 80 Hhtot-HH1-Tha 450 58.6 6 3 40 3. 3 20 1
22 355 rradi+Hst 80 Hhtot-HH1-Tha 450 605 6 3 40 3 3 20 1
235 37.5 radi+Hst 80 HhtotHH1-Tha 450 624 6 3 40 3 3 20 1
25 40 rrad1+Hst 80 Hhtot-HH1-Tha 450 647 6 3 40 3 .3 20 1
26.5 425 rradi+Hst 80 Hhtot-HH1-Tha 450 671 6 400 3 3 20 1
28 45 rradi+Hst 80 Hhtot-HH1-Tha 450 69.5 6 3 40 3 3 20 1
30 48 rradi+Hst 80 Hhtot-HH1-Tha 450 723 6 3 40 3 3 20 1
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Size Rrad1 HH1 HH2 HH3 Hhtot RRad2 Tha Angle Hfh prox Offset Thp  Hst Tthp

32 51 radi+Hst 80 Hhtot-HH1-Tha 450 751 6 3 40 3 3 20 1

34 54 rradi+Hst 80 Hhtot-HH1-Tha 450 78 6 3 40 3. 3 20 1
36 57 rradi+Hst 80 Hhtot-HH1-Tha 450 808 6 3 40 3 3 20 1
38 60.5 rrad1+Hst 80 Hhtot-HH1-Tha 450 842 6 3 40 3 3 20 1
40 64 rradi+Hst 80 Hhtot-HHi-Tha 450 875 6 3 40 3 3 20 1
!42'.5 67.5 rrad1+Hst 80 Hhtot-HH1-Tha 450  90.8 6 3 40 3 .3 - 20 1
45 71.5 rradi+Hst 80 Hhtot-HH1-Tha 450 946 6 3 40 3 3 20 1

The suction sleeve 40 includes a circular curved inside anterior wall portion 50
having first radii of curvature centered on a second longitudinal axis of anterior
curvature 52 extending longitudinally through the suction sleeve towards the anterior
- side of the first central axis 46 and a posterior wall portion 54 having second radii of
curvature centered on a third Iongitu\dinal axis 56 located i'n_ the posterior direction
relative to the central axis 46, said first, second and third longitudinal axes 46,52 and
56 all lying in a common longitudinally and transversely extend.ing imaginary plane 60
(Figure 10)' bisecting the anterior and posterior wall portions 50,54 and wherein the
second and third axes 52 and 56 are spaced apart a predeter"mined offset distance
from each other on opposed sides of thefirst axis 46. Thus, this arrangement produces
a posterior wall that is thinner than the anterior wall as shown in Figure 10.

" The anterior and posterior wall portions 50,54 intersect each other along inner
diametrically opposed transition wall portions 62 that extend tangentia‘lly relative to the
adjoining anterior and posterior wall portions along the sleeve length so that the interior
wall surface of the suction liner along the transition areas 62 are free of rapld changes
in thickness, curvature or cross-section profile, as seen best in Flgure 10.

~ In the example illustrated, the radii of curvature of the _mslde surfaees of the
anterior and posterior portions of the sleeve are equal to each other along their
respective second and third axes, as observable in Figure 10. A formula for generating
the interior profile of the suction sleeve shown in Figures 6 - 10 is indicated at the
bottom of Figure 6, and such formula is used to control a computer assisted machine

tool (e g., lathe) used to form a male mold element that shapes the inner profile of the

liner.

13
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At the proximal area of the suction sleeve 40 (the open end of the sleeve) a

flange area 66 is provided wherein the thickness of the composite elastic material

progressively thins as the top edge 68 is approached. The inside surface of the flange

portion 66 of the anterior wall 50, as seen in Figure 9, tapers inwardly as the tap edge

68 is approached as shown at 70 and th'e outer surface of the proximal end of the |

flange portion 66 of posterior wall 54 also tapers inwardly as shown at 72 in Figure 9.
Preferably, the top edge 68 of the sleeve is relatively thin as comparad with the

' thickness of the remainder of the sleeve. '

. The distal end 42 of the sleeve is spherical in curvature and joins the adjoining
side wall of the sleeve along a tangent so as to provide a smoothinteri'ora-nd\exterior
contour as the sleeve tranSitions between the tapered conical upper portion and the

spherically curved closed end portion 42. The thickness of the end portion 42 may be

the same thickness as the anterior wall 50. The posterior wall 54 transitions from the

same thickness as the anterior wall at the distal end of the sleeve to a thinner wall
section over the length of the sleeve in which the thinner wall section is desired. A
smooth tranSition_ area 74 is provided between the thinner'posterior wall section 54 and
the full thickness of the wall portion of the sleeve at the distal end of the sleeve.

The auction liner as illustrated in Figure 1 may be made in accordance with the

proces-s described below using the apparatus also described below for Carrying out the

process.

A textile layer corresponding to layer 14 is initially made as a flat strip 100 as |

illustrated in Figure 11. The flat strip is rolled into a tubular form so that opposed side

edges of the strip are abutted together and then stitched at 102 aIOng the abutting

edges to form continuous lengths 101 of tubular elasticized fabric that may be utilized
in the external cover of a suction liner such as suction liner 10.

A continuous film casting device for coating the tubes 101 includes a vertically

extending rod 103 haVing a conduit 104 extending therethrough in communication with

a suction pump 106, the operation of which is controlled by a controller element 107 in

a manner to be described in more detail below.
Along the length of the vertical rod 103, there is provided a casting zone 105
~along which is located continuous annular film casting device 108 through which an

uncured tubular elastomeric film or layer may be expressed as a continuous, generally

14

L g | it R———




CA 02683085 2009-10-28

vertical uninterrupted film generally c"o'axiall'y surrounding the rod 102 or any substrate
material that may be advanced along the surface of the fod 102 through the film casting
device 108. ' '

A source 110 of coating material to be expressed through the film casting device
' 108 is connected to the latter by means of conduit 1 12 pump 114 and a control system
116 for governing the operation of the pump 114. ' ' .

The film casting device 108 may be provided with a heating and cooling system
118, which may include a circulating system for circulatingaheating or cooling miedium
through the film casting device 108 by means of a pump 120 governed by a control '

system 122. _
' A suction or sub-atmosphere chamber 124 is connécted to the upper surface of
the film Casting device 108 to create a sub—atmosphe_ric' pressure chamber 126 when
a suction is applied to the chamber 126 via conduit 128. The conduit 128, for example,
may be connected to suction pump 106 via conduit 104 during operatioh of the film
casting device to create a sub-atmoépheric pressure in chamber 126, or a separate
suction line 109 may be used for this purpose.

The lower end of the rod 102 extends through a heating or curing zone including
heating furnace 130 which may contain, for example, radiant or electrical heating
elements 132 that provide a source of heat for curing a film expressed through the fiim
casting device 108. '

Annular tension control washers 136 spaced axia'lly along the length of rod 102
are prov'ided to control tension of a substrate coated in the apparatus described in a

manner to be explained in more detail below.

~ An annular array of suction orifices 140 or the equivalent are provided'on' the rod
102 and which are in communication with air passages 144 which are in turn in
communication with air passage 104 within rod 102. OrifiCes 140 may be incorpora'ted
in an annular member affixed to the rod 102 at a location where apertures 144 are
provided in the rbd 102 enabling communication between the orifices 140 and the
' passage 104. Suction applied by pump 106 can thereby be applied at orifices 140 over
an area surrounding the rod 102. '
Textile advancing drive elements 150 are provided adjacent the rod 102 above

the suction housing 124 for cooperating with a relatively fixed guide element 152 affixed
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to rod 102. The drive element 150 is rotatable by a motor 154 Operable‘under the
control of a controller 55 connected to the motor. When a substrate is inserted between
the drive element 150 and the seat 152, the substrate will be advanced along the rod
102 in accordance with the driving direction of the rotatable element 150.

. The orifices in film casting device 108 for expressing or discharging a tubular film
or coating material 155 supplied from source 110 is configured: in 'accordance'with.-
desired properties of the film or coating to be appliéd by the coating system as shown.
Relatively thin coatings may be expressed through a continuous annular slot provided
in the film casting device 108 or relatively thick coatings may be applied in the same
fashion. ' ' '

‘The vacuum in chamber 126 Is adjusted to provide initial contact between a film
155 expressed through the film casting device 108 and the substrate advanced 'through
the film casting device in a manner to be described below. Subsequently, when the
substrate i1s air perrﬁeable, the s'ch_tion device 140 draws the uncured filmmaterial into
th'e $ubstrate to a desired extent, for example only partially through the sub\_strate ‘
thickness if it is desired to maintain uncoated substrate on the opposed surface of the
sub'strate advanced through the film casting device. Higher suction applied at suction
device 140 could be applied if it was desired to fully penetrate a p"Or:ous substrate
advance through the film casting device. |

The heater 130 is regulated to fully cure a film expressed through the film casting
~device 108 and the time and tei"nperature of such curing may be regulated by 'regula'ting
the speed of advancement of the coated substrate through the heating device in
~ accordance with known principles related to curing of curable films in coatings suc.h'as |
silicone elastomer, for example. |

The of)eration of the film casting system as shown in 'Figure 1"2 will now be
“explained in the context of coating an elasticized tubular fabric with a cured silicone
elastomer film. A previously formed length of tubular, elasticized fabric such as porous
or air permeable fabric length 101 is threaded vertically upwardly over rod 102 with a
lower end of the fabric threaded over element 152, through suction chamber 126,
through the film coating device 108, over suction device 140, through"heater 130 and
onto a take-up spool 160 that is rotatable at a controlled speed by motor 162 in

accordance with signals received from controller 164. Idler rollers 166 may be provided
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to enable the direction of the coated fabric to be turned at the lower end of rod 102 to
advance the fabric to the take -up spool 160.

-~ With a length of fabric 101 thus threaded over rod 102, the fabnc is drawn at a
controlled speed downwardly over the rod 102 while suction chamber 106 is activated
and an uncured tubular silicone elastomer resin film is expressed outwardly as a thin
annular sheet of film from casting device 108 towards the fabric 101 that is drawn
through the film casting device 108. Initially, the inner edge of the film expressed

- through the film casting device 108 may be manually adhered to the surface of fabric

101, whereupon the film 126 effectively CIoses the bottom of the suction chamber 126 -

so that the film is thereafter drawn 'inWardly by sub-atmospheric pressure

communicated to the outer surface of the fabric 101 via the interstices of the fabric

against the surface of the fabric uniformly over its entire periphery as the fabric IS

advanced through the film casting device 108.
The fabricis threaded through the advancing mechamsm 1 50,152 by rotatlng the

roller 150 in a direction to advance the fabric downwardly over the rod 102. The

positive feeding of the fabric 101 through the suction device 126 prevents undue

tension from being applied to the fabric upon rotation of the take-up spoOl 160. ltis
des'irable to maintain the fabric substrate in a relatively relaxed condition to the extent
possible, although a pretension may be applied to the fabric if desired as it is -ad'vanced
through the film casting device 108 or through the heater 130. |

| The suction device 140, as shown in detail in Figure 14 draws the uncured and
pliable continuous, uninterrupted elastomeric film layer intimately into contact with and
adhered to the air permeable substrate fabric 14 to the extent desired for thespecific
- application of the coated fabric. _
- The fabric with the uncured resin coating then passes through the heater 130
‘where the coating is cured for a desired time at a desired temperature, all dictated by
the properties of the cast film to be cured, and in accordance with known principles.

Within the heater 130, the tension on the coated fabric is controlled by the

annular tension control washerelements 136 which apply a predetermined frictional
drag on the fabric on its inner side as it is advanced over the rod 102 and also maintain
the fabric extended radially somewhat as it passes through the heater 130. The

number of annular elements 136 may be adjusted in accordance with the fabric and the

17
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coating applied thereto. ‘
- The film casting device 108 may be selectively heated or cooled by using the

- heating and cooling system illustrated at 118,120,122. The degree of heéting or cooling

~will depend upon the composition of the film to be cast on the surface of the fabric 101. '

The resultant coated tubular fabric collected on spool 160 is now available to be

used in a subsequent process to make a suction liner or may be available for any other

application wherein a continuous cured coating applied to an elastici'zed tubular
substrate is desired. | .

‘ In this example, the film to be cast'on fabric 101 corresponds to film 24
described préviously and the fabric 101 corresponds to the fabric outer layer 14 of the
silicone liner described above in Figures 1 - 4.

After coating of the elasticized fabric 101 using the apparatus deScribed above,
the coated fabric is cut into lengths as shown in Figure 15 and a length of tubular
reinforcement matrix material 169 is affixed, for example by sewing, to the end of the
coated fabric. The matrix 170 may correspond to layer 26 in the suction liner of Figure
1. Preferably the reinforcement matrix comprises interlocked fibers such as a cifcular
knittubular fabric that -Strongly resist longitudinal elongation but readily distends radially.

Individual lengths of the coated fabric and reinforcement matrix are then
prepared to receive a d'istal end cap (to be described below) that will be molded to one
end of the coated length of fabric 101 to close said end and to embed a portion 'of the
matrix 170 in the interior of the coated tubular fabric, as will become evident following
a review of the description of the distal end Cap molding apparatus shown in Figure 16.

' The coating appa'ratus described above may be used to form multiple 'ccinti-nuous
coatings on a tubular substrate simply by advancing a previously coated tubular

substrate through the coating apparatus in the same manner as described above. For

example, the sealing sleeve illustrated in Figure 5 may be formed using the coating

apparatUs llustrated in Figure 12 by first providing a continuous coating of silicone
elastomer on one surface of a tubular elasticized fabric and then subseﬁuently passing
the thus coated fabric through the film casting device 108 while expressing a composi'te
elastic material corresponding to layer 36 in Figure 5 through the casting device 108.
The layer 36 may then be cured in the heater 130.

In Figure 16, a compressioh molding apparatus is illustrated for use in molding
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a distal end cap on one end of a length 101 of coated elasticized fabric with a

reinforcement matrix 169 attached thereto. The molding apparatus includes a lower

female mold cavity 170 configured to form an external shape on a distal end captobe

molded in the cavity and Including a central guiding aperture 172, heating elements

174, preferably electrically energized, and a pressure chamber 176 that is in

communication with a pneumatic pump 178 that is controllable by controller 180 in
combination with a shut-off valve 182 that selectively pressurizes pressure chamber
176. Pneumatic pressure orifices 184 are spaced peripherally around the support 186

for the female mold 170.

The support 186 is rotatably mounted on a base 1.87 by means of bearings 188

so that the female mold support 186 may be rotated about an axis of rotation relative

to the base 187 and the upper part of the molding device to be described below.

~Vertical support members 189 are schematically illustrated extend ing between the base

187 and the upper part of the molding device. The support members 189 may be rods
or pillars with open areas between them to provide access to the female mold 170 and

the upper part of the molding device.
The upper part of the molding device supported above the female mold 170

includes a male mold plug and clamping element 190 and a COOperating clamping '

cylinder 192 that slidably supports the male mold and clamping device 190 for
reciprocal movement relative to the clamping cylinder 192. The mold and clamping
device 190 is supported, for example, by a rod 194 or equivalent that is connected to

a pneumatic cylinder 196 that is operable to control movement of the male mold and

clamping element 190 towards and away from the distal end of the C.Iamping cylinder

192 to effectively open or close the distal or lower end of the clamping cylinder 192.
The interior of clamping cyli.nder 192 is provided with a suction Chamber 196 that
communicates with a suction pump 198 via conduit 200 and shut-off valve 202. Pump
198 and shut-off valve 202 are operated under the control of a controlier 204 such that
a suction can be applied to suction chamber 196 by pump 198 selectively to create an
inflow of air between the mold and clamping device 190 and the distal end of the

clamping cylinder 192 through a gap 195.

The entire assembly of the clamping cylinder 192 and the mold and clamping

device 190 may be reciprocally moved towards and away from the female mold 170 by
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a second pneumatic or hydraulic cylinder 208, the operation of which is controlled by
a contreller 210 and appropriate valving 212, whereby the clamping 'cylinder 192 and
the mold and clamping device 190 may be advanced into cooperation with the female
mold 170 to create a mold cavity between the bottom surface of the mold and clamping
device 190 and the surface of the female mold 170. '

A guide rod and orifice plug 214 optionally extends centrally through the male
mold and clamping device 190 for cdoperation with the guide opening 172 in the female
mold 170 when it is desired to maintain an aperture in a distal end cap to be molded
between the male and female molds 190,170. Such an aperture is desired if a
prosthetic connector is to be molded into the end cap. '

The various pumps, valves and controllers, as well as the heating elements 174
all may be controlled and operated from a central control panel 220 using conventional
~control technology including digital computer processors. '

The operation of the molding device described in Figure 17 will now be described
in conjunction with Figures 18 - 22 when it is desired to mold an end cap on a'coeted
elasticized fabric with a prosthetic connector and a distension controliing reinforcement
matrix as previously described. Initially,' a length of the coated elasticized fabric 101
with a reinforcement matrix 169 attached thereto as shown in Figure 1 5 IS threaded
. over the female mold support 186 with the free end of the reinforcement matrix 170
' threaded over the distal end area of the clamping cylinder 192, as illustrated in Figure
17. The mold and clamping device 190 is in the extended position thereby exposing
the gap 195 between the mold and clamping device '1 90 and the distal end of clamping
cylinder 192. A suction Is then applied to the suction chamber 196 by pump 106 which

draws in the free end of the reinforcement matrix 170 through the gap 195.

o The mold and clamping element 190 is then moved 'to its upper' or closed
position relative to the clamping cylinder 192 to effectively close the gap 195 and to
clamp the free end of the reinforcement matrix 170 between the mold and clamping
device 190 and the clamping cylinder 192, as illustrated in Figure 18.

- The female mold support 186 is then rotated 1/4 turn or so relative to the base
187 to introduce a twist constriction 218 in the tubular reinforcement matrix 170 that
effectively forms a closure at the one end of the length of coated elasticized fabric 101

and leaves a free tubular length of reinforcement matrix 170 within the clamping
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cylinder 192. The rod element 214 in this example extends through the central area of
the twisted section 218 of reinforcement matrix 170.

As shown in Figure 20, a sudden pressure s then applied to pressure chamber
176 that blows the length of coated elasticized textile outwardly and upwardly over the
external‘ surface of the clamping cylinder 192, which may be provided with suction
orifices 219 to assist in this procedure as seen in Figure 20.

A rigid prosthetic connector “umbrella” element 224 is next primed or coated with
an uncured elastomer that forms an intimate bond with the connector element and with
the elastomer to be used for the distal end cap to be molded in the cavity to be provided
between the male mold and clamping element 190 and the female 'mold 170. The thus
primed and coated prosthetic connector element 224 is placed in the female mold 170
‘sothatitis spaced away from the bottom of the moid surface with a connector portion
thereof 226 extending through aperture 172. A premeasured portion 225 of uncured
elastomer material (which may be the same as the primer) is then placed in the female
- mold cavity 170 on the connector element 224 and thereafter the clamping' cylinder 192
and the associated mold and clamping device 190 with the cbated elasticized fabric 101
and reinforcement matrix 170 is advanc‘ed towards the female mold 170 to compress
and shape the uncured elastomer material in the mold cavity so that it conforms on one
side to the surface of the female mold 170 and on its other side to the 's'urface of the
male mold and clamping element 190. In this process, the prosthetic connector 224
becomes totally embédded in the silicone material in the mOId cavity so thét it is
cdfnpletely covered by the elastomer. This is iIIuStrated,in Figure 21, for example. l

The heater element 174 is activated at the appropriate time to heat the female

mold 170 to an appropriate curing temperature for the silicone elastomer used to form
the distal end cap and the priming elastomer applied on the prosthetic connector 224.
The elastomer is then cured to produce a relatively firm distal end cap 230 as shown
in Figure 23, with a free length of reinforcement matrix 170 within the coated elasticized
~ fabric 101. The distal end cap 230 bonds together the twisted reinforcement matrix 218
while the male and female molding surfaces together shape the inside and outside
contours of the distal end of the coated fabric 101. The elastomer selected for the end

.cap 230 provides desired properties for the distal end cap as part of a prosthetic suction

~liner.

21




CA 02683085 2009-10-28

The pre-formed assembly of coated tubular elasticized fabric 101, end cap 230
and reinforcement matrix 170 are then placed in a holder 234 as shown in Figure 23 to
expoee the in-terrial distal end of the length of coated fabric 101 and the reinforcement
matrix 170 so that a pre-measured quantity of uncured elastomer liner resin material
232, for example, a silicone elastomer corresponding to the composite elastic material
12 shown in Figure 1, can be dispensed into the open distal end as shown in Figure 24.
\ A source of the silicone elastomer resin is provided at 236 and a precision measuring
pump 238 is operated via controller 240 to dispense a precise quantity of uncure_d
~ elastomer 232 into the holder 234 and within the open distal end of the length of tubular
elasticized fabric 101 that has been closed by the end cap 230. '

The partially filled pre-form is now placed in a female molding or shaplng die
cavity 242 as shown in Figure 24 with the length of coated fabric 101 fully extended
over ihe-length of the female die cavity 242. The female die cavity 242 is defined within
a female die support structure 244 that may inciude suction orifices 246 to which a
~ suction may be applied via valve 248 to draw the pre-formed coated elasticized fabric
101 and the distal end cap 230 into close conformity with the female die cavity 242.
The support 244 includes a heater 250 that may be energized to raise the temperature
ofthe female die support up to the curing temperature of the elastomer depesited inthe
dietal end of the coated fabric sleeve 14. ' '

A male die element or plug 252 is reciprocally mounted relative to the female die |
support 244 so as to be axially movable into and out of the cavity defined by the female
die 242. A pneumatic or hydraulic cylinder\ arrangement 254 may be provided to

advance the male die element 252 towards and away from the female die cavity 242

under the control of a controller 256 that may be integrated with the controller for the

heater 250.
~ The external contour of the male die 252 is configured to provide a defined

shape to produce a die cavity that results when the male die 252 is fully advanced
towards the female die cavity 242 to form a die cavity as shown in Figure 29. As the
male die 252 advances into female die cavity 242, the uncured elastomer 232 is cold
forged or driven into the die cavity between the male die 252 and the inner walls of the
female cavity 242 progressively from the distal end of the pre-formed coated fabric and

distal end cap to the proximal open end of the tubular fabric 101. The external surface
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of the male die 252 is contoured to define the internal shape of the elastomer material
occupying the die cavity between the male die 252 and the female die cavnty 242 while
the female die cavity 242 is shaped to define the external contour of the fabric 101 to
be joined with the elastomer in the mold cavity. The contour of the male die 252 also
includes appropriate surface areas designed to enhance the uniform flow of uncured
elastomer from the distal end of the pre-form to the proximal end thereof to ensUre that
the die cavity between the male and female die elements is completely and uniformly
filled with the uncured elastomer material that previously was introduced into the tubular
elasticized fabric 101 in a quantity sufficient to fill the die cavity.

To assist in quiding the length of coated fabnc 101 into the female die cawty 242, '
a quide pin 253 having a threaded proximal end may be threaded into the prosthetic
connector 224 prior to nsertion of the tfabric Iength 101 into the fem'ale die cavity. An
aperture 253" is provided in the bottom of the support 244 to receive the gmde pin 253
as the fabric length 101 is lowered into the female die cavity. |

To assure uniform lengths of finished cold forged products, a locking ring 251

~ may be provided at one end of the fabric sleeve 101 that cooperates with the male die

252 to limit the length of the cold forged liner formed from the uncured silicone
,elastomer 232 when the male and female dies are brought together |

~ The heater 250 is activated at the appropriate time to cure the elastomer 232 In
" the die cavity for an approprtate length of time and at an approprlate temperature in
accordance with the elastomer material selected to fill the mold cavity. Heaters 257

may be used in the male die 252 as well. _

Figure 26 shows an enlargement of a detail of the female die cavity 242:, the
heater 250, the coated fabric 101, the coatihg 155 on the fabric and the innermost layer
232 of elastomer containihg an embedded reinforcement matrix ahdthe position of the
male die 252. Upon curing of the elastomer in the mold cavity, themale die 252 is
withdrawn and the now fully integrated assembly of fabric 101, elastomer coating 155,
and innermost elastomer layer 232 is removed from the female mold 242. The quide
pin is then removed, Ieav'ing a fully formed suction liner corresponding to suction liner
10 in Figure 1 ready for final detailing and eventual use. '

When the innermost layer of elastomer 232 is constituted of the composite

elastic material described above in connection with Figures 1 - 4, the male and female
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dies may be heated to a temperature of 100° C and the elastomer may be cured fora
cure time of 6 minutes. '

" The exterior contour of the male die 252 may be shaped in accordance with the
inner peripheral contour of layer 12 of suction sleeve 10 as described in connection with '
Figures 6 - 10 as described previously. '

While a specific embodiment of the inventive process and apparatus constituting
the inventive subject matter have been described previously, it should be understood
that various modifications to the process and apparatus can be made without departing
from the spirit and scope of the invention. \

The tubular fabric 101 may be produced in various lengths-with‘Or without a
|ong|tud|nal seam and mstead of a reinforcement matrix 170, any approprlate material
can be utilized to form a twisting closure in the apparatus shown in Fagure 16, including
the fabric 101 itself if no matrix is used.

The coating apparatus of Figures 12 - 15 may be utlllzed to coat any tubular
material, including a non-porous or non- permeabletubular material. When non- porous
material is coated, the suction applied in suction chamber 126 is adjusted to ensure
appropriate‘adhesive to the exterior surface of the moving tubular substrate and the
suction orifices 140 do not need to be used. Likewise, the tension controlling elements

136 may be adjusted to accommodate the specific tubular substrate to be coated in the

apparatus. |
The premeasu'red quantity of uncured silicone elastomer cot_ild be directly
deposited into the open tube 101 after the latter has been set into the female die cavity
242 _ |
‘Other various departures from the specmc embodiment described above can be
envisioned within the skill of the person skilled in the art and it is to be understood that

the specific steps and apparatus disclosed herem are to be exemplary only.
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We claim:

1. A method for making a tubular member having a continuous and uninterrupted
cured elastomeric resin coating on one of two opposed surfaces of the tubular
member comprising: forrniilg a continuous vertically extending uninterrupted tubular
layer of uncured elastomeric resin; drawing the layer of resin against one of said
surfaces of the tubular member to be coated by applying suction below atmospheric
pressure between the resin layer and the said one surface of the tubular mémber to
which the resin layer is to be applied while continuously moving the tubular member
relative to the continuously formed resin layer with the tubular member generally
vertically oriented and in generally coaxial relationship with the tubular l‘ayer' of the
elastomeric resin until said one surface is coated with said uncured resin layer and
said layer of uncured fesin is adhered to said one surface; and continuously heating

. and‘curing said elastomeric resin while it is adhered to the one surface of the tubular

member.

2. The method according to claim 1, wherein said tubular member consists of a
material that is porous, comprising drawing the tubular layer of uncured elastomeric
resin against the one surface to be coated by applying sub-atmospheric pressure to
the surface of said tubular member opposed to the surfabe to be coated by the tubular
layer of uncured elastomeric resin to thereby create a sub-atmospheric pressu're‘

condition across the porous material of the tubular member and between the tubular

member and the uncured layer of elastomeric resin.

3. The method according to claim 2, including drawing said uncured elastomeric
resin layer at least partly into the pores of the porous material of said tubular member

during said drawing step to thereby further adhere the uncured elastomeric resin

layer to the one surface of the tubular member.
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4. The method according to claim 2 or 3, including selecting an elasticized fabric as |

the material forming said tubular member.

5. The method according to claim 1, including selected a silicone resin as said

uncured elastomeric resin layer.

6. The method according to claim 1, including selecting an elasticized fabric material

for use as the material of said tubular member.

7. A process for formihg a length of a continuous tubular member with an
uninterrupted continuous layer of elastomeric resin covering and adhefed to one of
two opposing sides thereof, comprising: continuously feeding a tubular member 1n a
generally longitudinal and vertically downward direction relative to and through a
coating zone maintained at a sub-atmospheric pressuré; while carrying out said .

_ feedin g step, applying and adhering a continuous, uninterrupted tubular uncured
elastomeric resin layer to said one side of said tubular member within said coating
zone by applying sub-—atniospheric pressure between said elastomeric resin laye'r and
said one side of said tubular member; and continuously heating and curing said

elastomeric resin while it is adhered to said one side of said tubular member.

8. The process as claimed in claim 7, wherein said tubular member is formed of an

" air permeable material having interstices, further comprising supplying sub-
“atmospheric pressure between said elastomeric resin layer and said one side of said
tubular member by exposing the opposed side of said tubular member to said sub-
atmospheric pressure and communicating the sub-atmospheric pressure to the side of

the tubular member to be coated via interstices of the air permeable member.

9. The process as claimed in claim 7, including selecting an air permeable material
having interstices as the material constituting the tubular member, and further

drawing the uncured elastomeric resin layer at least partly into the interstices of the
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air permeable material on said one side of the tubular member by applying a sub-
atmospheric pressure to the opposed side of the tubular member and communicating
the sub-atmospheric pressure to the uncured elastomeric resin layer via the interstices
‘after the uncured elastomeric resin layer has been adhered to one side of the tubular

member_.

10. The process as claimed in claim 7, 8, or 9, including the step of selectirig an
elasticized fabric as the material constituting the tubular member, and radially
distending and longitudinally ten‘sio’ning the tubular member during the heating and

curing step.
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